ABSTRACT: Feed intake characteristics of 192, 27-d-old weanling pigs housed in groups and given ad libitum access to feed and water were measured individually with the use of computerized feeding stations. The groups were either homogeneous or heterogeneous as to BW distribution; pigs of three defined initial BW classes were used (mean BW of 6.7, 7.9, or 9.3 kg). The effects of BW distribution, BW class, and sex were studied with regard to average performance traits, latency time (interval between weaning and first feed intake), initial feed intake (intake during the first 24 h following first feed intake), and daily increase in feed intake during the interval between first feed intake and the day on which energy intake met or exceeded 1.5 times the maintenance requirement. Homogeneous and heterogeneous groups had similar latency times, initial
Introduction
Feed intake is an important determinant of performance that may also reflect the health status of weanling pigs (Makkink, 1993; McCracken et al., 1995; Pluske et al., 1996b) . Current data on individual feed intake of weanling pigs are based on research with animals housed individually rather than in groups (Makkink, 1993) . Recently, it was shown that monitor- 1 The biotechnical assistance of G. P. Binnendijk and H. A. A. van den Brand is gratefully acknowledged.
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feed intakes, and daily increases in feed intake. For the period 0 to 34 d after weaning, ADFI and ADG were also similar for homogeneous and heterogeneous groups, but gain:feed ratio was greater (P < 0.05) in the homogeneous groups. Gilts had higher (P < 0.05) initial feed intakes than barrows and also had greater (P < 0.05) ADFI and ADG during the period 0 to 13 d after weaning. Pigs with average BW of 6.7 kg had higher (P < 0.05) initial feed intakes than their counterparts with average BW of 7.9 kg and 9.3 kg, but the daily increase in feed intake was similar for the three groups. The lighter pigs had more daily visits and a lower feed intake per visit and tended to have a shorter postweaning latency to the onset of feeding than the heavier pigs. This study indicates that the high variability in early feeding behavior among group-housed weanling pigs may be related to BW and sex.
ing individual feed intake of weanling pigs using automated feed intake recording equipment (feeding stations) in combination with electronic identification via ear transponders does not affect average performance compared to the use of commercial single-space feeders (Bruininx and Van der Peet-Schwering, 1999 ). Therefore, feeding stations seem to be a suitable tool for monitoring individual feed intake of group-housed weanling pigs. Group composition (e.g., mixing of littermates), sex, and BW can affect social interactions and performance of weanling pigs (Pluske et al., 1996a; Mahan et al., 1998) , but the effects on individual animal feed intake characteristics between weaning and feeding are unknown. Possibly, identification of various determinants of individual feed intake characteristics, especially during the first days after weaning, could serve to improve health and performance of weanling pigs housed in groups.
This study was carried out to assess the effects of group composition, sex, and BW on individual feed intake characteristics and performance of group-housed weanling pigs. Individual feed intakes were measured using computerized feeding stations.
Materials and Methods

Animals.
One hundred-ninety-two weanling pigs with an average age of 27 d (SD = 0.2) were used. The pigs were derived from Dutch Landrace, Finnish Landrace, and Dutch Large White rotational-bred sows and Great Yorkshire terminal boars. During the suckling period all pigs had free access to water. Creep feed was not provided. At d 3 after birth, male piglets were castrated. On the day of weaning, sows were removed from the piglets at approximately 0900. Weaning and transferring the pigs to the nursery room was completed at approximately 1500. The day of weaning is defined as d 0. Pigs were weighed on d −1 and 4, 8, 13, 20, 27, and 34 after weaning. The care and treatment of the pigs were according to Dutch animal welfare legislation.
Housing and Feeding. Pigs were housed in six pens of 2.65 × 1.5 m within each replicate. The pens had fully slatted floors that consisted of 1.8-m plastic slats and 0.85-m metal tri-bar slats. The pens were situated in a room with computer-controlled heating and mechanical ventilation systems. The room was illuminated with artificial light from 0700 to 1900. All pens were equipped with IVOG feeding stations (Insentec B.V., Marknesse, The Netherlands) for weanling pigs (Bruininx and Van der Peet-Schwering, 1999) . These feeding stations were adapted from feeding stations used for growing-finishing pigs (De Haer, 1992) . Briefly, IVOG feeding stations for weanling pigs consist of feeders placed on load cells that record within a range of 0 to 50 kg. Each weighing was rounded in steps of 10 g. The single-space feeder in the feeding station had a 220-× 200-× 290-mm feeding bowl. There was a small adjustable fence 0.2 m in front of the feeder that allowed competition among pigs and facilitated distinguishing separate visits. The entrance width to the feeding stations was set between 0.11 and 0.35 m, depending on the size of the pigs. At weaning, each pig received an electronic ear transponder that was read by two antennas in the feeding stations. The feeding stations recorded feeder weight and time at the beginning and end of each visit to the feeder together with the electronic identification number of the pigs. Failed identification of pigs or incorrect recordings of feeder weight are main sources of errors in the data collected by computerized feeding stations (Eissen et al., 1998) . Therefore, IVOG data were screened before calculations of feed intake characteristics. Screening was based on the recorded feed intake per visit (g) and the calculated feeding rate per visit (g/min) according to the method of Bruininx and Van der Peet-Schwering (1999).
Pigs were given ad libitum access to feed and water during the experimental period. Water was supplied via nipples. Pigs were fed a commercial diet without antibiotics, organic acids, or pharmacological levels of copper and zinc. During the first 13 d (phase 1) a pelleted prestarter diet ( Table 1 ) was provided that was replaced over a 3-d period by a pelleted starter diet (Table 1) for the last 21 d of the nursery period (phase 2). During the 3-d switch-over period a mixture of the prestarter and starter diets was given in ratios of 2:1, 1:1, and 1:2 on d 14, 15, and 16, respectively.
Experimental Design. The experiment was conducted as a split plot design. Pen was the whole plot and pigs within pens were subplots. At weaning, all 192 pigs were divided into three BW classes: light, middleweight, and heavy (Table 2 ). Based on BW class, sex, and genotype, the pigs were randomly assigned to experimental groups. All groups were either homogeneous or heterogeneous as to BW distribution within groups. Homogeneous groups consisted of pigs of the same BW class, whereas heterogeneous groups consisted of pigs of all three BW classes. The experiment was repeated three times (Table 2) . Within a replicate this design resulted in three homogeneous groups consisting of light, or middle-weight, or heavy pigs and three heterogeneous groups consisting of light, middle-weight, and heavy pigs. All pens accommodated 10 (replicate 1) or 11 (replicates 2 and 3) pigs. Barrows and gilts, as well as littermates, were equally divided within the pens.
Feed Intake Characteristics. The number of visits per day (total and visits in which feed was consumed) was calculated together with the feed intake (g) and time (s) per visit in which feed was consumed. The transition from nursing to eating solid food is associated with a period of limited feed intake (Le Dividich and Herpin, 1994) ; the duration of this period is variable among animals. Therefore, we studied the development of feed intake of individual pigs during the first days after weaning by calculating latency time, initial feed intake, and the daily increase in feed intake. Latency time was defined as the interval (h) between the start of the experiment, when the pigs had been transferred to the nursery pens, and the first recorded feed intake. The initial feed intake (g/kg 0.75 BW) was the amount of feed consumed during the final 24 h after the first recorded feed intake. The daily increase in feed intake (g/kg 0.75 BW daily) was the amount of feed consumed between the day after the first recorded feed intake and the day on which energy intake met or exceeded 1.5 times the maintenance energy requirement (1.5 times 550 kJ ME/ kg 0.75 BW daily; Le Dividich and Herpin, 1994) . For the calculation of metabolic body weight on a day that BW was not measured, a linear increase in BW between the two adjacent weighing days was assumed.
Statistical Analyses. The experiment was analyzed as a split plot design. Pen was the whole plot and pigs within pens were subplots. Weight distribution within groups (homogeneous vs heterogeneous groups) was a whole plot factor. Body-weight class (light vs middleweight vs heavy) was a whole plot factor for the homogeneous groups and a subplot factor for the heterogeneous groups. Sex (barrows vs gilts) was a subplot factor. Average daily feed intake, ADG, gain to feed ratios, number of daily visits (total and with feed intake), duration of a visit with feed intake, feed intake per visit, initial feed intake, and the daily increase in feed intake were analyzed with the following model:
Y ijklmn = µ + replicate i + weight distribution within groups j + e 1,ijk + gender l + body weight class m + interaction + e 2,ijklmn where Y ijklmn = response of a specific trait per pig; µ = overall mean; replicate i , weight distribution within groups j , gender l , and body weight class m denote the fixed effects for the corresponding treatment factors; interaction stands for all two-factor interactions between the treatment factors and e 1,ijk and e 2,ijklmn denote random errors for pen k in replicate i and for pig n in pen k in replicate i, respectively. Whole plot factors were tested using error term 1. Subplot factors and interactions were tested using error term 2. Estimates of model parameters and components of variance were obtained using the Residual Maximum Likelihood (REML) procedure in Genstat (Genstat 5 Committee of the Statistics Department, Rothamsted Experimental Station, Harpenden, Hertfordshire, U.K.). Fixed effects were assessed using chi-square tests for the Wald statistics. Whole plot and subplot errors were considered to be random and normally distributed with mean 0 and variances equal to σ 2 pen and σ 2 pig , respectively. Pairwise differences between treatment means were tested using a t-test. To study the development of daily feed intake in time, the mixed model was extended with fixed effects of day number and two-factor interactions Within a row and within a main treatment comparison, means without a common superscript letter differ (P < 0.05).
f Weight distribution within groups × sex interation (P < 0.05) (see Table 4 for subclass means).
between day number and an additional random error for differences between days within a pig. The extended model was fitted to the daily measurement data using the method of REML.
Preliminary analysis indicated that all data except the time between the start of the experiment and first feed intake (= latency time) followed a normal distribution. Therefore, survival-like, Kaplan-Meier curves were constructed for latency time as affected by weight distribution within groups, sex, and weight class.
Results
Three pigs had to be excluded from statistical analyses due to disease and mortality. Another three pigs had to be excluded due to broken ear transponders.
Effects of Weight Distribution within Groups, Sex, and Body Weight on ADFI and ADG. Average daily feed
intake was not affected (P > 0.1) by weight distribution within groups (Table 3) . During phase 1, gilts ate 25 g/ d more feed (P < 0.05) than barrows, whereas during phase 2 and over the total period there were interactions (P < 0.05) for ADFI between sex and weight distribution within groups. The interaction means for both periods are presented in Table 4 . During phase 2 and the total experimental period, gilts in heterogeneous groups ate more P < 0.05) than the corresponding barrows (Table 4 ). In contrast, ADFI did not differ (P > 0.1) between gilts and barrows in homogeneous groups. Gilts in heterogeneous groups ate more (P < 0.05) than did their counterparts in homogeneous groups during phase 2 and during the total period (Table 4 ). There was no such effect in barrows (P > 0.1). Body weight class affected ADFI during phase 2 and the total experimental period: heavy pigs had the highest ADFI and light pigs the lowest (P < 0.05; Table 3 ).
Average daily gain was not affected (P > 0.1) by weight distribution within groups (Table 3) . During phase 1, gilts grew on average 28 g/d faster than barrows (P < 0.05; Table 3 ), but during phase 2 and the total experimental period ADG was not affected by sex. During phase 1, ADG was not affected (P > 0.1) by body weight class. Heavy pigs grew faster (P < 0.05) than light pigs during both phase 2 and the total experimental period. In general, pigs in the middle-weight class achieved intermediate values for ADG during phase 2 and the total experimental period.
During phase 1, the gain to feed ratios for homogeneous groups and heterogeneous groups did not differ (Table 3) . The gain to feed ratio for homogeneous groups during phase 2 and the total period was higher than that for heterogeneous groups (P < 0.05; Table 3 ). Gain to feed ratios were not affected by sex. During phase 1, light pigs had a higher gain to feed ratio than heavy pigs (P < 0.05), but the effect was not seen during phase 2 or during the total experimental period. Means within a column without a common superscript letter differ (P < 0.05). 
Effects of Weight Distribution within Groups, Sex, and Body Weight on Feed Intake Characteristics. The pattern
of the survival-like, Kaplan-Meier curves for the interval (h) between start of the experiment and first feed intake was not affected by weight distribution within groups, sex, or weight class (P > 0.1). However, during the first two dark periods after weaning (indicated by the shaded bars in Figure 1 ) the number of animals that had started eating did not increase. During the first light period of 4 h, 98 pigs of the total 186 pigs started eating, whereas during the following 12 h of darkness only 7 pigs started eating. During the second light period of 12 h, 60 pigs started eating, followed by 3 pigs during the second dark period.
The number of visits to the feeding station (total and visits with feed intake), time per visit, and feed intake per visit of visits in which feed was consumed were not affected by weight distribution within groups and sex (P > 0.1; Table 5 ). However, the total number of daily visits, time per visit, and feed intake per visit were affected by BW class (P < 0.05). The total number of daily visits was higher for light pigs than for middleweight and heavy pigs, whereas the number of daily visits with feed intake did not differ among BW classes. Furthermore, the visits with feed intake by heavy pigs were longer than those of middle-weight pigs. The time per visit with feed intake by light pigs was intermediate. Furthermore, the average feed intake per visit by heavy pigs was higher than for middle-weight and light pigs. The amount of feed consumed during 24 h after the first visit with feed intake (= initial feed intake) for gilts was higher (P < 0.05) than for barrows (Table 5 ). There was an interaction (P < 0.05) between weight distribution within groups and weight class with regard to initial daily feed intake. The interaction means are presented in Table 6 . Heavy pigs in heterogeneous groups had a lower (P < 0.05) initial feed intake than those in homogeneous groups (10.7 vs 24.6 g/kg 0.75 BW daily). Initial feed intake of light and middle-weight pigs was not affected (P > 0.1) by weight distribution within groups. Moreover, within heterogeneous groups initial feed intake did not differ among the three weight classes (P > 0.1), whereas within homogeneous groups initial feed intake of light pigs (30.2 g/kg 0.75 BW daily) was higher than that of middle-weight (16.2 g/kg 0.75 BW daily) and heavy (10.7 g/kg 0.75 BW daily) pigs. Initial feed intake of middle-weight and heavy pigs did not differ within homogeneous groups (Table 6 ).
The daily increase in feed intake between the day of the first visit with feed intake and the day on which energy intake met or exceeded 1.5 times maintenance requirements was not affected by weight distribution within groups, sex, or weight class (Table 5 ). The energy intake of eight pigs immediately exceeded the 1.5 times maintenance level. Therefore, calculation of the daily increase in feed intake during this period for these pigs was not possible. These eight pigs were two light barrows, five light gilts, and one middle-weight gilt. Six of these pigs were housed in heterogeneous groups. The remaining two pigs were housed in homogeneous groups.
Effects of Weight Distribution Within Groups, Sex, and Body Weight on Time-Related Changes in Feed
Intake. Daily feed intake was time-dependent (Figures 2 and 3) and increased with time (P < 0.001). Body weight distribution within groups did not affect these timerelated changes in feed intake (P > 0.1). The time-related changes in feed intake were not affected by sex (P > 0.1; Figure 2a ) during the first 8 d after weaning but were affected (P < 0.001; Figure 2b ) over the total experimental period. Body weight class affected the time-related changes in feed intake both during the first 8 d after weaning (P < 0.05; Figure 3a ) and the whole experimental period (P < 0.001; Figure 3b ). During the first 3 to 4 d, the daily feed intake of light pigs tended to be higher (P < 0.1) than that of heavy pigs, but from d 8 to the end of the experimental period heavy pigs ate more (P < 0.05) than light pigs. Time-related changes in feed intake for middle-weight pigs were intermediate.
Discussion
This study indicates that BW distribution within groups has only limited effects on pig performance. A homogeneous vs heterogeneous group composition improved gain to feed ratio but did not affect ADG and ADFI (Table 3) . However, during the first days after weaning the amount of feed consumed during the final 24 h after the first recorded feed intake (= initial feed Initial feed intake = amount of feed consumed during the 24 h following the first visit with feed intake to the feeding station.
c Daily increase = daily increase in feed intake during the period between the day of the first successful visit and the day on which energy intake met or exceeded 1.5 times maintenance energy requirements. Feed intake on the first feeding day = total feed intake on the day or the first visit with feed intake divided by metabolic body weight. Data of eight pigs that immediately had an energy intake that met or exceeded 1.5 times maintenance requirements were not used.
Within a row and within a factor means without a common superscript differ (P < 0.05).
g Weight distribution within groups × weight class interactions (P < 0.05) (see Table 6 for subclass means). intake) was affected by an interaction between BW distribution and BW class. Compared with their counterpart pigs in heterogeneous groups, heavy pigs in homogeneous groups had a 57% lower initial feed intake, whereas that of middle-weight and light pigs was not affected by weight distribution within groups.
The behavior of pigs after mixing with unacquainted penmates, as was done in the present study, has been well described (Ewbank, 1976; McGlone, 1985) . There usually is vigorous fighting during a period of 24 to 48 h after weaning until social hierarchy is established. Although quantitative estimates of aggressive behavior were not made in this study, fighting among individuals was indeed observed during the first 4 h after weaning. Assuming heavy pigs are more dominant than light pigs (Rushen, 1987) , it follows that in homogenous groups of heavy pigs the establishment of social hierarchy lasts a relatively long time, which in turn decreases initial feed intake. Rushen (1987) suggested that fighting among pigs of dissimilar weights is limited because body size itself also affects dominance. This reasoning potentially explains the above-mentioned observation Initial feed intake = amount of feed consumed during the 24 h following the first visit with feed intake to the feeding station.
Means without a common superscript letter differ (P < 0.05).
that heavy pigs in homogeneous groups had lower initial feed intakes than heavy pigs in heterogeneous groups. However, for all weight classes combined, BW distribution within groups did not influence initial feed intake.
Weanling pigs averaging 6.7 kg in BW ate less feed and gained less weight than pigs weighing 9.3 kg. Mahan et al. (1998) also found that relatively light (5.5 kg) weanling pigs, aged about 23 d, had a lower ADFI and ADG than pigs with a higher BW (7.5 kg); the difference was apparent during the 1st wk after weaning. In contrast, the present study indicates that during the first 3 d after weaning, light pigs ate more than did middle-weight or heavy pigs (Figure 3) . Heavy weanling pigs tended to start eating later than light pigs ( Figure  1 ). Brouns and Edwards (1994) suggested that dominant individuals, such as heavy pigs, spend more time defending their feed rather than eating it. Because the pens consisted of unacquainted pigs, it is possible that during the first days after weaning heavy pigs spent more time on aggressive behavior so they ate less. As mentioned above, this effect is greater for homogeneous than for heterogeneous groups.
In the present experiment gilts grew faster and ate more during the first 13 d after weaning. However, no sex effects on ADG were observed during d 0 to 34, whereas differences in ADFI between barrows and gilts were affected by BW distribution within groups. In general, differences in performance between weanling barrows and gilts were not found (Crenshaw et al., 1981; Straw et al., 1991) . Although Kornegay et al. (1994) found higher ADG and ADFI for gilts than for barrows in a 5-wk trial, no sex differences were found in a second trial. In these experiments, the mean values for groups of pigs (barrows or gilts) were used as the estimate for performance, whereas in our experiment the individual pig was the experimental unit. These differences between barrows and gilts may relate to early life experiences (e.g., castration) that affect the way in which pigs cope with the weaning process, as suggested by Van Erp- Van der Kooij et al. (2000) .
During the first two dark periods, a small number of pigs (5 and 1%, respectively) started eating, whereas during the first 2-d light periods these numbers were considerably higher (52 and 33%, respectively). In addition, the first light period lasted for only 4 h, whereas both dark periods and the second light period had a duration of 12 h. Although these findings suggest that illumination stimulates the early development of feed intake by weanling pigs, further research on the effects of photoperiod on early feed intake by weanling pigs is needed.
Implications
This study, using computerized feeding stations, has shown that early postweaning feed intake characteristics of individual weanling pigs housed in groups can be influenced by body weight and sex. Initial feed intake was higher for pigs of low body weight than for those of high weight. Gilts had higher initial feed intakes than barrows. In general, body weight distribution within groups did not affect these early postweaning feed intake characteristics. Given the concept that feed intake characteristics are related to postweaning health problems (e.g., diarrhea), the present data provide clues as to the modulation of early feeding behavior.
